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Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

This report and drainage plan for the Phase Il drainage design of the FedEx Freight Leupp Road Truck
Relay Yard site was prepared by me (or under my direct supervision) in accordance with the provisions
of the “Drainage Planning Submittal Requirements” of Coconino County and other regulations of the
Coconino County Flood Control District. | understand that Coconino County does not, and will not,
assume liability for the drainage facilities designed by others.
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Drainage Report
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

. GENERAL LOCATION AND DESCRIPTION
This drainage report is for the proposed FedEx truck relay yard, located at 7201 N. Leupp Rd, 2-miles
north of Townsend-Winona Rd. FedEx Freight proposes to redevelop 11.8-acres of a 16.7-acre parcel
that was used as an auto-recycling yard from the 1973 to 2014. The auto-recycling business was closed
€.2015 and the stored vehicles were removed. The southwestern ~3.4-acres of the site are occupied by

existing buildings with the remaining portion of the site open.

The proposed improvements include security fencing, site lighting, a modular building, an employee
parking lot, truck tractor parking, and trailer parking. The semi-truck yard will function as a location for
drivers to park, switch trailers, park trailers, and depart. The modular building will provide a break room

and restroom facilities for drivers.

The purpose of this study is to analyze existing and proposed drainage conditions and address the
impacts of the proposed development. This drainage report is prepared in accordance with Coconino

County’s Drainage Design Criteria Manual 2001 (CCDDC).

Location
The project is in Coconino County at 7201 N. Leupp Rd, shown in Figure A.

Parcel number: 303-41-004L

PROJECT LOCATION —
APH 303-41-004L

i
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Figure A: Vicinity Map

PEAK Project No.: 19FXFO1 1




Drainage Report
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Existing Conditions

The subject property was used as an auto-recycling yard from the 1973 to 2014. The auto-recycling
business was closed ¢.2015 and the stored vehicles were removed. Currently the site is occupied by an
11,850-sq. ft. metal building, a 1,050-sq. ft. log house, 1,610-sq.ft. metal barn, a wooden shed, and a
truck scale. The frontage along Leupp Rd. adjacent to the existing buildings is paved as well as a
driveway accessing the house.

The area that was formerly occupied by stored vehicles is open, packed gravel. The site is relatively flat,
slopes between 0% and 2% with a few areas with slopes of up to 7%. Onsite stormwater flows generally
sheet flow drain from southwest to northeast. There is no evidence of concentrated flows. Sheet flows
leave the site at the north property corner and along the east boundary and flow into Walnut Creek.
There are a few areas of shallow ponding toward the southeast corner of the site that either percolate
into the ground or evaporate.

This site is bounded to the northwest by San Francisco Wash and to the east by Walnut Creek with
estimated discharges of 7,280-cfs and 6,460-cfs respectively for a combined runoff of 13,740-cfs. The
watersheds constitute ~356 square miles upstream of the site. See Exhibit A for Existing Conditions.

A double barrel 10’ x 4’ box culvert under Leupp Rd., approximately halfway along the west property
line, conveys offsite runoff from San Francisco Wash on the west side of Leupp Rd. onto the site. There
is no evidence of erosion at the outlet of the box culvert and runoff passing under Leupp Rd. appears to
spread out to a sheet flow condition. At the outlet of the box culverts, there are two existing 18” CMP
pipes running across the site, west to east. The inlets and outlets of the pipes are buried, and the pipes
are full of sediment. From the box culvert runoff flows northeast to the north point of the site where it
flows into Walnut Creek.

The subject parcel is partially encumbered with the Federal Emergency Management Agency’s (FEMA)
Flood Zone ‘A’. Areas within Flood Zone A are not completely modeled, so the limits of the floodway
and storm water depth for the 1% chance event are unknown. The area of the subject parcel
encumbered by floodwater, as indicated by the Zone ‘A’ Map, is a triangular area at the north end of the
site and a triangular area at the southeast corner of the site. See Exhibit C.

Proposed Conditions

The proposed surface improvements include concrete paving for the entry drive, concrete trailer parking
areas, and a concrete apron near the outlet of the box culvert. The remaining surface improvements,
including drive aisles and parking areas, will be compacted gravel.

Site drainage improvements include a riprap apron at the outlet of the double barrel 10’ x 4’ box culvert
with a concrete apron on site. Ribbon curb and riprap has been placed where runoff traditionally sheet
flows from the site to limit erosion. Riprap has been placed along match-up slopes. The existing 18”
culverts will be removed. No detention is proposed.

PEAK Project No.: 19FXFO1 2
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The site is graded to maintain existing drainage patterns, of sheet flow southwest to northeast, with the
majority of slopes less 3%. Existing site discharge points are maintained.

The proposed building is outside the regulatory FEMA Zone A flood plain. The improvements within the
floodplain are surface improvements only.

The proposed improvements maintain existing drainage patterns and will have no adverse impacts to
neighboring parcels.

Objectives and Procedures

This report accompanies the construction plans for the site. The improvement plans provide details of
the drainage improvements described in this report. The objective of this report is to present drainage
design and supporting calculations for the proposed site.

Il. DRAINAGE BASINS AND SUB-BASIN

The following method was used in determining peak runoff discharges:

1. Analysis of existing and proposed conditions runoff discharges was accomplished using the SCS TR-
55 Method and modeled using Autodesk® Storm and Sanitary Analysis software, 2015.
The TR-55 method utilized the Type Il, 24-hour storm.
Rainfall intensities from NOAA Atlas 14! were used, with total rainfall depths of 1.69” for the 2-yr
storm, 2.44” for the 10-yr storm, and 3.63” for the 100-yr storm.
4. On site soils are hydraulic soils groups (HSG) B. SCS curve numbers? (CN) were assigned to
drainage basins as follows:
a. CN of 98 for impervious areas,
b. CN of 85 for gravel areas

1 NOAA Atlas 14, Volume 1, Version 5, http://hdsc.nws.noaa.gov.
2 USDA Urban Hydrology for Small Watersheds, TR-55, Table 2-2a

PEAK Project No.: 19FXFO1 3
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Existing
The site consists of 2 drainage basins as shown on Exhibit A. Table llla summarizes the Existing
Conditions basin properties and peak runoff rates. Calculations are presented in Appendix A.

TABLE Illa — EXISTING CONDITIONS DRAINAGE SUB-BASIN SUMMARY

Peak Runoff Time of

Drainage Sub-Basin Area | Weighted 2-YR 10-YR | 100-YR | Concentration*

(acres) CN (CFS) (CFS) (CFS) (min)

1 EX-BASIN-1N 3.32 85 2.38 4.78 8.97 13.96
2 EX-BASIN-1S 11.45 85.73 9.19 18.04 33.36 11.74

*Minimum time of concentration is 5 minutes.

Proposed Conditions

The proposed improvements increase impervious surface area from the existing condition, however
there will be no cumulative downstream drainage impact because the peak runoff from the site will
discharge to Walnut Creek before the peak of the runoff from either San Francisco Wash or Walnut
Canyon Wash. Both of these washes have a much greater capacity than the total runoff from the
project site. See Exhibit B.

Table Illb summarizes the proposed conditions basin properties and peak runoff rates. Calculation
results are presented in Appendix A.

TABLE Illb — RE-DEVELOPED CONDITIONS DRAINAGE SUB-BASIN SUMMARY

Peak Runoff Time of

Drainage Sub-Basin Area Weighted 2-YR | 10-YR| 100-YR | Concentration*

(acres) CN (CFS) (CFS) (CFS) (min)

1 RE-DEV-BASIN-N 291 87.21 2.71 5.09 9.16 10.51
2 RE-DEV-BASIN-S | 11.86 88.25 | 11.24 | 20.65 36.45 13.27

*Minimum time of concentration is 5 minutes.

I1l. DRAINAGE FACILITY DESIGN

Detention
A waiver for detention was submitted and granted by Coconino County for the following reasons:

e Since the site was previously developed and consists primarily of compacted gravel where
recycled autos were stored, hydrologically the runoff difference between the current condition
and the re-developed condition is limited. The estimated total existing conditions (100-yr)
runoff is 42.33-cfs and the re-developed conditions runoff is 45.61-cfs, a runoff increase of 3.28-

cfs.

PEAK Project No.: 19FXFO1 4
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e This site is bounded to the northwest by San Francisco Wash (203 sg. mi.) and to the east by
Walnut Creek (153 sq. mi.) with estimated discharges of 7,280-cfs and 6,460-cfs respectively for
a combined runoff of 13,740-cfs. The watersheds constitute ~356 square miles upstream of the
site. The total runoff generated from the site constitutes 0.3% of the runoff from both
watersheds which is statistically insignificant.

e The time of concentration for the site (<15-minutes) is far less than the time of concentration
for both San Francisco Wash (8.3-hrs) and Walnut Creek (8.5-hrs). The peak of the runoff from
the site is offset from the peak runoff of the larger watersheds such that it will not affect the
flow rate of either larger watershed.

e There s little if any development downstream of the site that would be impacted by the runoff
increase from the development.

The Arizona Department of Water Resources, State Standard 8-99, section 1.5 allows a waiver for
stormwater detention for “projects smaller than 160 acres which drain directly into a watercourse
intercepting a drainage area of > 100 square miles.” This project meets this criterion, the waiver is
included in Appendix C.

Riprap Design

Riprap calculations at the outlet of the double barrel 10’ x 4’ box culvert follow the Flood Control District
of Maricopa County (FCDMC) hydraulics manual. The flow through the box culvert is based on a HEC
RAS 2-D model of San Francisco Wash that shows 516-cfs passing through the culvert. The outlet
velocity, based on an FHWA HY-8 calculation, is 8.9-fps. The apron consists of riprap with a D50
gradation of 12” and a depth of 24” on nonwoven geotextile fabric. The apron extends to the property
line and abuts concrete apron/drive area onsite. See attached calculations in Appendix D and plans for
more detail.

Other Drainage Improvements

The site has been graded with shallow low slope grade brakes maintaining the existing drainage
patterns. At the edges of the site, ribbon curb and riprap have been placed where runoff sheet flows
from the site to reduce erosion. Riprap has also been placed along grading match-up slopes to reduce
erosion.

At the southeast corner of the site, where there are existing areas of shallow ponding, an area of
shallow ponding has been maintained along the east property line. Ponding depth is ~¥6”. Stormwater is
disposed of via a riprap trench along the east property line. The trench consists of rock wrapped in filter
fabric which will allow storm water to percolate into the soil.

IV.SUMMARY AND CONCLUSIONS

The site drainage improvements have been designed in accordance with the County’s Drainage Design
Manual. The site grading maintains existing drainage patterns, sheet flow from the southwest to the
northeast. Erosion protection has been provided where concentrated offsite storm water enters the

PEAK Project No.: 19FXFO1 5
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site and at the edges of the site where stormwater discharges from the site. A detention waiver has
been approved for this development.

PEAK Project No.: 19FXFO1 6




Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Project Description

File Name ..o 19FXF01 Final Drainage Model.SPF

Project Options

Flow Units

Elevation Type . Elevation
Hydrology Method . SCS TR-55
Time of Concentration (TOC) Method ......... SCS TR-55
Link Routing Method . Kinematic Wave

Enable Overflow Ponding at Nodes .. YES
Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On ...
End Analysis On .
Start Reporting On .
Antecedent Dry Days ...
Runoff (Dry Weather) Time Step
Runoff (Wet Weather) Time Step ...
Reporting Time Step ....
Routing Time Step

Jul 02, 2019 00:00:00

... Jul 03, 2019 00:00:00

.. Jul 02, 2019 00:00:00

.0 days

0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
.. 000:05:00 days hh:mm:ss
. 30 seconds

Number of Elements

Qty
Rain Gages .. .3
Subbasins.. .4
2
Junctions ... .0
Outfalls .... .2
Flow Diversions 0

. 0
. 0
.. 0
.0
. 0
Pumps .. .0
Orifices . .0
Weirs ... .0
Outlets .. . 0
Pollutants .0
Land Uses .... .0
Rainfall Details
SN Rain Gage Data Data Source Rainfall Rain  State County Return Rainfall Rainfall
ID Source ID Type Units Period Depth  Distribution
(years) (inches)
1 Time Series 002-YR Intensity inches User Defined

Peak Project No. 19FXFO01 7/1/2020
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Subbasin Summary

Drainage Calculations

SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff  Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ft®)  (cfs) (days hh:mm:ss)

1 EX-BASIN-N 3.32 85.00 1.69 0.58 6944.79 2.38 0 00:13:57

2 EX-BASIN-S 11.45 85.73 1.69 0.61 25356.84 9.19 0 00:11:44

3 RE-DEV-BASIN-N  2.91 87.21 169 068 720526 2.71 0 00:10:30

4 RE-DEV-BASIN-S 11.86 88.25 1.69 0.74 31681.18 11.24 0 00:13:16

Peak Project No. 19FXF01

Appendix A: 2-year

7/1/2020
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FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Node Summary

SN Element Element Invert Ground/Rim Peak Max HGL
ID Type Elevation (Max) Inflow Elevation
Elevation Attained

(ft) () (cfs) ()

1 POSTDEV-OUT Outfall 6185.00 0.00 0.00
2 PREDEV-OUT  Outfall 6185.00 0.00 0.00

Peak Project No. 19FXF01

Drainage Calculations

Appendix A: 2-year
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Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin Hydrology

Subbasin : EX-BASIN-N

Input Data
ATEA (AC) .ttt 3.32
Weighted Curve NUmMber ...........cccoveieiiiiincccncce 85.00

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 3.32 B 85.00
Composite Area & Weighted CN 3.32 85.00

Time of Concentration
TOC Method : SCS TR-55
Sheet Flow Equation :
Tc =(0.007 * ((n * Lf)*0.8)) / ((P0.5) * (Sf"0.4))
Where :

Tc = Time of Concentration (hr)
n = Manning's roughness

Lf = Flow Length (ft)

P =2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation :

=16.1345 * (Sf*0.5) (unpaved surface)
=20.3282 * (Sf*0.5) (paved surface)

=15.0 * (Sf*0.5) (grassed waterway surface)
=10.0 * (Sf*0.5) (nearly bare & untilled surface)
=9.0 * (Sf*0.5) (cultivated straight rows surface)
=7.0 * (Sf*0.5) (short grass pasture surface)
=5.0 * (Sf*0.5) (woodland surface)

= 2.5 * (Sf*0.5) (forest w/heavy litter surface)

Tc = (Lf/ V) /(3600 sec/hr)

< <K<K <K<K

Where:

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation :

V =(1.49 * (RN2/3)) * (Sf*0.5)) /' n
R =Aq/Wp
Tc = (Lf/ V) /(3600 sec/hr)

Where :

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's roughness

Peak Project No. 19FXFO01 7/1/2020
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Sheet Flow Computations
Manning's Roughness :
Flow Length (ft) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (ft) :

Slope (%) :

Surface Type :

Velocity (ft/sec) :

Computed Flow Time (min) :
Total TOC (Min) ....ccvevveunnnnne 13.96

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) ....
Peak Runoff (cfs)
Weighted Curve Number ...
Time of Concentration (days hh:mm:ss) .....

Peak Project No. 19FXF01

Drainage Calculations

Subarea Subarea Subarea

A B C
0.015 0.00 0.00
100 0.00 0.00
.82 0.00 0.00
2.40 0.00 0.00
0.65 0.00 0.00
2.56 0.00 0.00

Subarea Subarea Subarea

A B C
1005 0.00 0.00
.83 0.00 0.00
Unpaved Unpaved Unpaved
1.47 0.00 0.00

11.39 0.00 0.00

.. 1.69
... 0.58
. 2.38
85.00
.. 000:13:58

Appendix A: 2-year

7/1/2020
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Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-N

Runoff Hydrograph
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Subbasin : EX-BASIN-S

Input Data

11.45
. 85.73

Area (ac) .....
Weighted Curve Number ...

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 10.81 B 85.00
Paved parking & roofs 0.64 B 98.00
Composite Area & Weighted CN 11.45 85.73

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.76 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 881 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 9.85 0.00 0.00

Total TOC (Min) ....ccveveuennene 11.74

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 9.19
Weighted Curve Number ... ... 85.73
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:11:44

.. 1.69
. 0.61

Peak Project No. 19FXF01
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Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-S

Runoff Hydrograph
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Subbasin : RE-DEV-BASIN-N

Input Data
Area (ac) ..... 2.91
Weighted Curve Number ... . 87.21

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
Gravel roads 242 B 85.00
Paved parking & roofs 0.50 B 98.00
Composite Area & Weighted CN 2.92 87.21

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 25 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 1.02 0.00 0.00
Computed Flow Time (min) : 1.64 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 793 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 8.87 0.00 0.00

Total TOC (Min) ....ccveveuennene 10.51

Subbasin Runoff Results

Total Rainfall (in) ... .. 1.69

. 0.68

Total Runoff (in) .

Peak Runoff (cfs) 2.71
Weighted Curve Number ... .. 87.21
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 0 00:10:31

Peak Project No. 19FXF01
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Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-N

Runoff Hydrograph
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Subbasin : RE-DEV-BASIN-S

Input Data

11.86
. 88.25

Area (ac) .....
Weighted Curve Number ...

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 8.89 B 85.00
Paved parking & roofs 2.96 B 98.00
Composite Area & Weighted CN 11.85 88.25

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.75 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 778 0.00 0.00
Slope (%) : 5 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.14 0.00 0.00
Computed Flow Time (min) : 11.37 0.00 0.00

Total TOC (Min) ....ccveveuennene 13.27

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 11.24
Weighted Curve Number ... ... 88.25
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:13:16

.. 1.69
. 0.74

Peak Project No. 19FXF01
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Drainage Report Drainage Calculations Appendix A: 2-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-S

Runoff Hydrograph
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Project Description

Drainage Calculations

File Name ..o 19FXF01 Final Drainage Model.SPF

Project Options

Flow Units

Elevation Type . Elevation
Hydrology Method . SCS TR-55
Time of Concentration (TOC) Method ......... SCS TR-55

Link Routing Method .
Enable Overflow Ponding at Nodes .. YES
Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On ... Jul 02, 2019
End Analysis On . ...Jul 03, 2019
Start Reporting On . .. Jul 02, 2019

.0

0 01:00:00
0 00:05:00
.. 000:05:00
. 30

Antecedent Dry Days ...
Runoff (Dry Weather) Time Step
Runoff (Wet Weather) Time Step ...
Reporting Time Step ....
Routing Time Step

Number of Elements

Qty
Rain Gages .. .3
Subbasins.. .4
2
Junctions ... .0
Outfalls .... .2
Flow Diversions 0

Pumps ..
Orifices .
Weirs ...
Outlets ..
Pollutants
Land Uses ....

[=NeoleleloNoNelol=R=]

Rainfall Details

. Kinematic Wave

00:00:00
00:00:00
00:00:00

days

days hh:mm:ss
days hh:mm:ss
days hh:mm:ss
seconds

SN Rain Gage Data Data Source Rainfall Rain State  County Return Rainfall Rainfall
ID Source ID Type Units Period Depth  Distribution
(years) (inches)
1 Time Series 010-YR Intensity inches Arizona Coconino (Southeast) 10 244 SCS Type Il 24-hr

Peak Project No. 19FXF01

Appendix A: 10-year

7/1/2020



Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin Summary

Drainage Calculations

SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff  Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ft®)  (cfs) (days hh:mm:ss)

1 EX-BASIN-N 3.32 85.00 244 113 13636.37 4.78 0 00:13:57

2 EX-BASIN-S 11.45 85.73 244 118 48926.22 18.04 0 00:11:44

3 RE-DEV-BASIN-N  2.91 87.21 244 1.28 13490.03 5.09 0 00:10:30

4 RE-DEV-BASIN-S 11.86 88.25 244 1.35 58024.78 20.65 0 00:13:16

Peak Project No. 19FXF01

Appendix A: 10-year

7/1/2020



Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Node Summary

SN Element Element Invert Ground/Rim Peak Max HGL
ID Type Elevation (Max) Inflow Elevation
Elevation Attained

(ft) () (cfs) ()

1 POSTDEV-OUT Outfall 6185.00 0.00 0.00
2 PREDEV-OUT  Outfall 6185.00 0.00 0.00

Peak Project No. 19FXF01

Drainage Calculations

Appendix A: 10-year

7/1/2020



Drainage Report Drainage Calculations Appendix A: 10-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin Hydrology

Subbasin : EX-BASIN-N

Input Data
ATEA (AC) .ttt 3.32
Weighted Curve NUmMber ...........cccoveieiiiiincccncce 85.00

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 3.32 B 85.00
Composite Area & Weighted CN 3.32 85.00

Time of Concentration
TOC Method : SCS TR-55
Sheet Flow Equation :
Tc =(0.007 * ((n * Lf)*0.8)) / ((P0.5) * (Sf"0.4))
Where :

Tc = Time of Concentration (hr)
n = Manning's roughness

Lf = Flow Length (ft)

P =2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation :

=16.1345 * (Sf*0.5) (unpaved surface)
=20.3282 * (Sf*0.5) (paved surface)

=15.0 * (Sf*0.5) (grassed waterway surface)
=10.0 * (Sf*0.5) (nearly bare & untilled surface)
=9.0 * (Sf*0.5) (cultivated straight rows surface)
=7.0 * (Sf*0.5) (short grass pasture surface)
=5.0 * (Sf*0.5) (woodland surface)

= 2.5 * (Sf*0.5) (forest w/heavy litter surface)

Tc = (Lf/ V) /(3600 sec/hr)

< <K<K <K<K

Where:

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation :

V =(1.49 * (RN2/3)) * (Sf*0.5)) /' n
R =Aq/Wp
Tc = (Lf/ V) /(3600 sec/hr)

Where :

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's roughness

Peak Project No. 19FXFO01 7/1/2020


Caleb
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Drainage Report
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Sheet Flow Computations
Manning's Roughness :
Flow Length (ft) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (ft) :

Slope (%) :

Surface Type :

Velocity (ft/sec) :

Computed Flow Time (min) :
Total TOC (Min) ....ccvevveunnnnne 13.96

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) ....
Peak Runoff (cfs)
Weighted Curve Number ...
Time of Concentration (days hh:mm:ss) .....

Peak Project No. 19FXF01

Drainage Calculations

Subarea Subarea Subarea

A B C
0.015 0.00 0.00
100 0.00 0.00
.82 0.00 0.00
2.40 0.00 0.00
0.65 0.00 0.00
2.56 0.00 0.00

Subarea Subarea Subarea

A B C
1005 0.00 0.00
.83 0.00 0.00
Unpaved Unpaved Unpaved
1.47 0.00 0.00

11.39 0.00 0.00

.. 244
.. 113
. 478
85.00
.. 000:13:58

Appendix A: 10-year

7/1/2020



Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 10-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-N

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-S

Input Data

11.45
. 85.73

Area (ac) .....
Weighted Curve Number ...

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 10.81 B 85.00
Paved parking & roofs 0.64 B 98.00
Composite Area & Weighted CN 11.45 85.73

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.76 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 881 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 9.85 0.00 0.00

Total TOC (Min) ....ccveveuennene 11.74

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 18.04
Weighted Curve Number ... ... 85.73
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:11:44

.. 244
. 1.18

Peak Project No. 19FXF01
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Caleb
Text Box


Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 10-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-S

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-N

Input Data
Area (ac) ..... 2.91
Weighted Curve Number ... . 87.21

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
Gravel roads 242 B 85.00
Paved parking & roofs 0.50 B 98.00
Composite Area & Weighted CN 2.92 87.21

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 25 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 1.02 0.00 0.00
Computed Flow Time (min) : 1.64 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 793 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 8.87 0.00 0.00

Total TOC (Min) ....ccveveuennene 10.51

Subbasin Runoff Results

Total Rainfall (in) ... . 244

. 1.28

Total Runoff (in) .

Peak Runoff (cfs) 5.09
Weighted Curve Number ... .. 87.21
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 0 00:10:31

Peak Project No. 19FXF01

Appendix A: 10-year
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Caleb
Text Box


Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 10-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-N

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-S

Input Data

11.86
. 88.25

Area (ac) .....
Weighted Curve Number ...

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 8.89 B 85.00
Paved parking & roofs 2.96 B 98.00
Composite Area & Weighted CN 11.85 88.25

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.75 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 778 0.00 0.00
Slope (%) : 5 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.14 0.00 0.00
Computed Flow Time (min) : 11.37 0.00 0.00

Total TOC (Min) ....ccveveuennene 13.27

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 20.65
Weighted Curve Number ... ... 88.25
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:13:16

.. 244
. 1.35

Peak Project No. 19FXF01
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7/1/2020
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Text Box


Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 10-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-S

Runoff Hydrograph
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Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Project Description

Drainage Calculations

File Name ..o 19FXF01 Final Drainage Model.SPF

Project Options

Flow Units

Elevation Type . Elevation
Hydrology Method . SCS TR-55
Time of Concentration (TOC) Method ......... SCS TR-55

Link Routing Method .
Enable Overflow Ponding at Nodes .. YES
Skip Steady State Analysis Time Periods ... NO

Analysis Options

Start Analysis On ... Jul 02, 2019
End Analysis On . ...Jul 03, 2019
Start Reporting On . .. Jul 02, 2019

.0

0 01:00:00
0 00:05:00
.. 000:05:00
. 30

Antecedent Dry Days ...
Runoff (Dry Weather) Time Step
Runoff (Wet Weather) Time Step ...
Reporting Time Step ....
Routing Time Step

Number of Elements

Qty
Rain Gages .. .3
Subbasins.. .4
2
Junctions ... .0
Outfalls .... .2
Flow Diversions 0

Pumps ..
Orifices .
Weirs ...
Outlets ..
Pollutants
Land Uses ....

[=NeoleleloNoNelol=R=]

Rainfall Details

. Kinematic Wave

00:00:00
00:00:00
00:00:00

days

days hh:mm:ss
days hh:mm:ss
days hh:mm:ss
seconds

SN Rain Gage Data Data Source Rainfall Rain State  County Return Rainfall Rainfall
ID Source ID Type Units Period Depth  Distribution
(years) (inches)
1 Time Series 100-YR Intensity inches Arizona Coconino (Southeast) 100 3.63 SCS Type Il 24-hr

Peak Project No. 19FXF01

Appendix A: 100-year

7/1/2020



Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin Summary

Drainage Calculations

SN Subbasin Area Weighted Total Total Total Peak Time of

ID Curve Rainfall Runoff Runoff Runoff Concentration
Number Volume

(ac) (in) (in) (ft®)  (cfs) (days hh:mm:ss)

1 EX-BASIN-N 3.32 85.00 3.63 213 25681.24 8.97 0 00:13:57

2 EX-BASIN-S 11.45 85.73 3.63 219 91076.77 33.36 0 00:11:44

3 RE-DEV-BASIN-N  2.91 87.21 3.63 232 2452540 9.16 0 00:10:30

4 RE-DEV-BASIN-S 11.86 88.25 3.63 2.41 103738.66 36.45 0 00:13:16

Peak Project No. 19FXF01

Appendix A: 100-year

7/1/2020



Drainage Report

FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Node Summary

SN Element Element Invert Ground/Rim Peak Max HGL
ID Type Elevation (Max) Inflow Elevation
Elevation Attained

(ft) () (cfs) ()

1 POSTDEV-OUT Outfall 6185.00 0.00 0.00
2 PREDEV-OUT  Outfall 6185.00 0.00 0.00

Peak Project No. 19FXF01

Drainage Calculations

Appendix A: 100-year

7/1/2020



Drainage Report Drainage Calculations Appendix A: 100-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin Hydrology

Subbasin : EX-BASIN-N

Input Data
ATEA (AC) .ttt 3.32
Weighted Curve Number ... ... 85.00
Rain Gage ID . 100-YR

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
Gravel roads 3.32 B 85.00
Composite Area & Weighted CN 3.32 85.00

Time of Concentration
TOC Method : SCS TR-55
Sheet Flow Equation :
Tc =(0.007 * ((n * Lf)*0.8)) / ((P0.5) * (Sf"0.4))
Where :

Tc = Time of Concentration (hr)
n = Manning's roughness

Lf = Flow Length (ft)

P =2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

Shallow Concentrated Flow Equation :

=16.1345 * (Sf*0.5) (unpaved surface)
=20.3282 * (Sf*0.5) (paved surface)

=15.0 * (Sf*0.5) (grassed waterway surface)
=10.0 * (Sf*0.5) (nearly bare & untilled surface)
=9.0 * (Sf*0.5) (cultivated straight rows surface)
=7.0 * (Sf*0.5) (short grass pasture surface)
=5.0 * (Sf*0.5) (woodland surface)

= 2.5 * (Sf*0.5) (forest w/heavy litter surface)

Tc = (Lf/ V) /(3600 sec/hr)

< <K<K <K<K

Where:

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

Channel Flow Equation :

V =(1.49 * (RN2/3)) * (Sf*0.5)) /' n
R =Aq/Wp
Tc = (Lf/ V) /(3600 sec/hr)

Where :

Tc = Time of Concentration (hr)
Lf = Flow Length (ft)

R = Hydraulic Radius (ft)

Aq = Flow Area (ft?)

Wp = Wetted Perimeter (ft)

V = Velocity (ft/sec)

Sf = Slope (ft/ft)

n = Manning's roughness

Peak Project No. 19FXFO01 7/1/2020



Drainage Report
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Sheet Flow Computations
Manning's Roughness :
Flow Length (ft) :

Slope (%) :

2 yr, 24 hr Rainfall (in) :
Velocity (ft/sec) :

Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (ft) :

Slope (%) :

Surface Type :

Velocity (ft/sec) :

Computed Flow Time (min) :
Total TOC (Min) ....ccvevveunnnnne 13.96

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) ....
Peak Runoff (cfs)
Weighted Curve Number ...
Time of Concentration (days hh:mm:ss) .....

Peak Project No. 19FXF01

Drainage Calculations

Subarea Subarea Subarea

A B C
0.015 0.00 0.00
100 0.00 0.00
.82 0.00 0.00
2.40 0.00 0.00
0.65 0.00 0.00
2.56 0.00 0.00

Subarea Subarea Subarea

A B C
1005 0.00 0.00
.83 0.00 0.00
Unpaved Unpaved Unpaved
1.47 0.00 0.00

11.39 0.00 0.00

... 3.63
.. 213
. 8.97
85.00
.. 000:13:58

Appendix A: 100-year

7/1/2020



Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 100-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-N

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-S

Input Data
Area (ac) ..... 11.45
Weighted Curve Number 85.73
Rain Gage ID . 100-YR

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 10.81 B 85.00
Paved parking & roofs 0.64 B 98.00
Composite Area & Weighted CN 11.45 85.73

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.76 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 881 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 9.85 0.00 0.00

Total TOC (Min) ....ccveveuennene 11.74

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 33.36
Weighted Curve Number ... ... 85.73
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:11:44

... 3.63
. 219

Peak Project No. 19FXF01

Appendix A: 100-year
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Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 100-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : EX-BASIN-S

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-N

Input Data
Area (ac) ..... 2.91
Weighted Curve Number 87.21
Rain Gage ID . 100-YR

Composite Curve Number

Area Soil  Curve

Soil/Surface Description (acres)  Group Number
Gravel roads 242 B 85.00
Paved parking & roofs 0.50 B 98.00
Composite Area & Weighted CN 2.92 87.21

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 25 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 1.02 0.00 0.00
Computed Flow Time (min) : 1.64 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 793 0.00 0.00
Slope (%) : .85 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.49 0.00 0.00
Computed Flow Time (min) : 8.87 0.00 0.00

Total TOC (Min) ....ccveveuennene 10.51

Subbasin Runoff Results

Total Rainfall (in) ... .. 3.63

. 232

Total Runoff (in) .

Peak Runoff (cfs) 9.16
Weighted Curve Number ... .. 87.21
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 0 00:10:31

Peak Project No. 19FXF01

Appendix A: 100-year

7/1/2020



Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 100-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-N

Runoff Hydrograph
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Drainage Report Drainage Calculations
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-S

Input Data
Area (ac) ..... 11.86
Weighted Curve Number 88.25
Rain Gage ID . 100-YR

Composite Curve Number

Area Soil  Curve
Soil/Surface Description (acres)  Group Number
Gravel roads 8.89 B 85.00
Paved parking & roofs 2.96 B 98.00
Composite Area & Weighted CN 11.85 88.25

Time of Concentration

Subarea Subarea Subarea

Sheet Flow Computations A B C
Manning's Roughness : 0.015 0.00 0.00
Flow Length (ft) : 100 0.00 0.00
Slope (%) : 1.75 0.00 0.00
2 yr, 24 hr Rainfall (in) : 2.40 0.00 0.00
Velocity (ft/sec) : 0.88 0.00 0.00
Computed Flow Time (min) : 1.89 0.00 0.00

Subarea Subarea Subarea

Shallow Concentrated Flow Computations A B C
Flow Length (ft) : 778 0.00 0.00
Slope (%) : 5 0.00 0.00
Surface Type : Unpaved Unpaved Unpaved
Velocity (ft/sec) : 1.14 0.00 0.00
Computed Flow Time (min) : 11.37 0.00 0.00

Total TOC (Min) ....ccveveuennene 13.27

Subbasin Runoff Results

Total Rainfall (in) ...
Total Runoff (in) .
Peak Runoff (cfs) 36.45
Weighted Curve Number ... ... 88.25
Time of Concentration (days hh:mm:ss) ........ccccocevveunee. 000:13:16

... 3.63
.24

Peak Project No. 19FXF01
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Runoff {cfs)

Drainage Report Drainage Calculations Appendix A: 100-year
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Subbasin : RE-DEV-BASIN-S

Runoff Hydrograph
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Drainage Report
FedEx Freight Leupp Road Truck Relay Yard, Flagstaff, AZ

Appendix B - NOAA Atlas 14 Rainfall Data

PEAK Project No.: 19FXFO1




